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| "M.UUI1, «Ug 

JWfo, Ontario MSS U8, Sfa W i,fcm6n,ne o/ tfSS^™^ 



nal neviei.ee was wmoved cSStSS^E? 1 
•-J-- 1 by studies of £ SSESttJte 

SHaSs^SS£ IocaU2ea ta iumen of ^ 



tion, and the Alberta HmS^I^^E? ™ aTt *"* Stroke Founda- 

(to D. H. M.). Thecoito rfKS.^^?5^ Bch 9? uncil of Canada 
in Part by the pay^of pSc^ 0 ^ ««• ™ re «^ed 
be hereby mar^X^J^ C n ^ ^ art,cle must therefore 

' I*** Bonk wah accession numberfa) 
J feUOW of ^ Alberta Heritage Foundation fo, Med- 

/' IS? 81 5"?*** Scientist 

•JteSSd ESttf e * CalReseareh - 1,0 cone- 



J£^ P ^^ -mbrane 

ase (j-4>, calsequestrin (6-7) thp r* 2 + M u„ l , 
^. the 53- and leoWSpttet (i^fiSX 
Ca and low density lipoprotein-binding protohWl5?"!S 

cove JTsSSf the biL^" Was difi - 

found to bind 43 mol of™ /i , "^f" 1 Was 
HACBP bound 25 mol ^^J^J^fiJ^? *? 
mol of Ca^/moj ^ a ffiniT v (19 20'r ^ . U / 
present in these membSsTseTeraJfoS LZS?*™*™ * 
tion than the HACBP (21) %^fv J^ 1 

Ae view thatX^splr^a^rr^^ i r 

that S £te£d hvrhf mdUCe .^nnational chants 
wfth the synthesis SS^S^ »* 

uArnoD ■ , m a vanefc y tissues showed that the 

botT3^i„ '• ^ g ! 3tU1 ! that tho P™tein is common for 
sarcoplasnuc and endoplasmic reticulum memories, 
and may be more important in non-muscle ce^lLTin 

^;t™ n ., b ™ " Ver Koch anTK^ut 
ifSJS ^ ntiy,dM ^ a «^^ of proteins thaS 

„" " . T 6 C «P 55) also res^inbles the HACBP The 
PWtan « hmunaJly located, binda Ca** with to« ,cLti£ 
f^heaa^olecular mass. They have su^SS 

*S «^ Ca--bindin g ' 
amide gZlecboKrS ' MdUUn dodeCyl ^Polyacryl 
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a mqorCa^-toiding protein of the endoplasmic reticu- 
lum (29). A search for the non-muscle analog of caSLa£ri„ 
earned out in the laboratories of Dm T P^oVTt^ . 
General Pathology, u£S* o SSfeJSJ ?SSn ° 

shown that rat and rabbit liver and brain irdcmsm^-L • 
a soluble, luminal protein of identicT 8 r^CBP £ 
bmds farge quantities of Ca** with low ar^^tace ca lse 

in this article we have obtained a full-length cDNA clo„« 
encothng the HACBP and report the dedS aWo aZ 

SStfS * < 5 ,Ced ^ qUence ' 8tartin « at acMrS: 



A^mity Calcium-binding Ptvtein 
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EXPERIMENTAL PROCEDURES 
Materials— Restriction endonucfease and riNA l t . 

iAB Biotechnology Inc i^.^lAXP r*. asm a7w£? ™ 22? 
tiuomne was from Ameraham Coip. PonceauS waafiL 

agfiinsV^ACBP*^^ -Polyclonal antibodies 

ammonium sulfate preciDitatmn «LT >ZX was P^ed by 

pace, m-xsr^^tKS^rsss, 8 ? 8 - 

etaKS^^^ rabbit akel- 

(33). New^XKSaSS^^ * * 

is-tation of afl.V-op M^^X^^ 



Thia clone contained nucleotioW-fi vj«7^ £ sasasssd introa. 
the mature protein anSeSfe 5 -"**Htf 

-5 u. Fig. 2. In onfer to iwLte rWe ft S^^ bWHJ " nd 
fragment from done 2 encoZTtte NH ^;^.^L a . restriction 
of the HACBP was isokSdatd^TS" 1 PTOtein "•«■■• 

Ping. Single-- mn&dDlSr^^ 

into pTZlSft and iMt • ,? ^*H^"**S 
Sanger*,* (37). «*J«»nced by the dideojy method of 

^ar^ were isolated 

-^ated-by-elecfaSS'iJ S Jte^««M»S»_ 
agarose gel (39)X"C^^th i ^S J &niU ^^ M * 
nitrocellulose or n^n meX^e^T^T^f' ^ b,otted «*> 
labeled, nick-traJlated cDNrfSj^^ 3 ^!^ 11 ^ 
Identical -esukswen ^b^wShS t^^t^ 6 ' <«°>- 
3' end, jf he done. "* fragmenta theS' or 

Ha^p*" In^M-The amino add seonena, «f *~ 

MACBF was analyzed for hvHr™™»w Tj sequence of the 

provided by the Bion^cal t '°E„ ^' £™ » 

of the HACBP was a^^^^^r^ ^TT' am *" k 
and skeletal mu8cle^rapT9^ , ^^^ ,, !™ M, ^ 
transfem^ ^TyvCS dffl ZT^ « ^PAGI! (34) and 
protein se^n^S^S^rtr^^ 45 ^ 
«» Applied BiosystenTS 4^n™J?T bed ^ (46) ° n 
ator connected on-lin7 w anArS P***» «q>»n- 

App«ed aS^iKoKar 8equence 

RESULTS 

sTSJSSS th l!f triC ^ 0a ^ «» sequencing strategy 
SdutdSn l n r hng the HACBP ' The nucfcott&S 
ajuced^arruno acid sequences of the cDNA aredesmbedir! 

IsLi " ge8t d0ne ' done 3 - ™n*ained 1865 fcofwWch 
1264 encodeo a protein of 418 amino adds. The fi?™J™T 

Thu, sequence is identical to the pXdSS s£££ 



- 1 

L 



J L 



5 



'g I^^^ M ^±f i, 1 andT - P°«an. Personal communication 
rs. ftoch, personal communication. 



ill-length cDNA done encoding the HACBP J»7«L££~7 

agnal sequence at the 5' end and a nri««U-rf-S • ^ w ? t 
kL Arnu* indicate the du^a^^S^JS^ * °» 
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Fig. 2. Nucleotide and predicted 
amino add sequences of rabbit skel- 
etal muscle HACBP. Amino acid resi- 
dues are numbered negatively within the 
signal sequence wrth amino add residue 
1 corresponding to the first residue of 
the mature processed protein. Amino 
acid sequences obtained by protein se- 
quencing are underlined. A possible N- 
gfrcesylation site is indicated by an as- 
terisk The polyadenylation signal is 
double undefined. 
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79 
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131 
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High Affinity Calcium-binding Protein 

<^CGCTGCC(MAGGATCGTTTTAAAGGGCCCCC 
GAGG °GGCCGCCOGCCAGGCCJU^^ 

:tgrgcgctcgcgcgcag 



cromcccccwowreoG^ 

ACTTCWCA^TTTCIATJ^tta^^ 



~78 
156 
234 
312 
390 
468 
546 
624 
702 
780 
858 
936 
1014 
1092 
1170 
1248 



1326 
1404 
1462 

1560- 

1638 

1716 



quence in the cDNA encoding the 63,000-dalton sarcoplasmic 
reticulum glycoprotein (13). ^ 

.J* J 50 * 00 for «*> initiator methionine was identified on 

St^L"? 1 " 1 ^ isoIaS from 

s^nc^pTv? SfS. ^ —* begins witifS 

ESZSZ^™'^* 1 *- (26 >- W « «*igned 
w ghfenuto in ttus sequence as amino acid residue 1 inFig 

iS? ^r toa / 0r l t 88 nud «**» 1-3. An in-frame^S 
codon, TAA, is found at position -90 to -88 relative to the 

cteotode -«) and -1 lies at position -51 to -49 coding for 

Kt^r^tiSr^ (ccg(a)ccat - 

. JJ* S^J? CaUz ? tionofthe HACBP (21) suggests that 
rt should I be made with a signal sequence that wouUdbwtt 

tmiund se*^ Met-^Leu-P^Val-I^Sl^Set 

mate between positions -17 and -1, is a reasonable simal 

jot ^m^^^wm^.imbnm:m^S 

once a small ammo add such as Ory <n m precete the 



vST m T? («)• Prom these obser- 

vations we conclude that the initiator methionine is attbe 
position defined in Pig. 2, that the HACBP is made with a 
^ that the signal sequence is 1 7 amino acid? 

.^^P 5 ™^ P°»*. we have carried out in vitro trans- 

HACBP^Sv^ *!25 «0P««ipitoted by the 
™f?°?ll t,U9 "f was ^bed in Ret 23) is, 
indeed, synthesized as a higher molecular weight component 
thanthe mature HACBP. The precursor formS^Ed 
^ ap Pf Bnt , **» <* S7.000 Da, about 2,000 Da larger than 
^r^w°"f ?f *he protein and correspondingto^e^e 
of the predicted signal sequence. 

♦JS^? A ^ys«-The results of structural analysis of 

S fST^H T*"* 0 * oHhe "A 081 * Presented 
1!J hydropathy plot shews that the ^terminal 
a^aJ sequence is hydrophobic but that there are no long 
E°P h S 1C ?T ent * "V* 1 * of spanning the membrane 
^•^^^ half of the molecule (residues 1- 
vnu predicted to have a globular structure. The mature 
P^ sem^ca begins with a hefa-turn-helh motif (resi- 
rJ^ li' f ^ 8 not contain a consensus «EF-hand" 
sequence. This is Mowed by a sequence predicted to form 8 



High Affinity Calcium-binding Protein 



Fig. 3 Cell-free translation of skeletal muscle mRNA Cell 
^t^twn ^carried out in the rabbit reSStelyaate^ 

IMCBP ant^f T" ^"P^Pitated with goat anti-rabbit 
nAusr antibody and separated on SDS-PAfJir mi a r.„„_^^r 
Brilliant Blue staining ofZmaUw t&t&CRfiZT™ 1 

^ uJf!^ ^ f S]methionine-labe!ed precursor of the HACRP 

mobaitie8 ° f mature Jd p~-^s 
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Biology Cambridge)' we established that there is 
quence identity between rat CRP«am?&S?. 
r 2?^ b '? din8 5 *»-The HACBP has a sinriehirf, 

an EPW (y^ Ca^-binding site (49) would oedetectodb, 
the primary sequence of HACBP. No evidence of anHeSiS 

Sff eqU8nCe WE8 found between reaiA^SdS 
Thu sequence was inadequate in that wSmI^wIkS 

»d h L r 2TJ! re8idue 80 «wnSSSSS 

uioC ° f tte ^ **** Ca'-binding arte m,™ 

The sequence between residues 342 and 391 is verv 
HACBP has been shown to bind about 25 mol of (KJ 
responsible for the low affinity Ca** binding. wquence «" 

towvA— cDNA fragments encoding eithsr NHr- or COOH 
terminal regions of the HACBPlSidiad to the sLvSa 
apecies in Northern blots rromTvarietv of ST k t 
shows Northern blot analysis with prSwZ^ f 
^he clone The cDNA hyb^J^wSL^ 
ZaLT Mver, kidney, brain, cardiacmS 

and tot- and slow-twitch rabbit skeletal muscle. Witt S 
Periods of exposure, a second band of approsimstelv 37K 

S a^ RNA hybnJlZed to a much extent with the 
poMA) RNA mcom-iarison with total RNA. suggsstfagtS* 

to nonspecific binding to a ribosomal subunit 

DISCUSSION 



anti-parallel ^strands connected by protein loops. Two re- 
gion* , of short a-helices are predicted at residues t^SZ 
149-164. The sequence from residue 187-285 contains an 

PXXKDPDAXKPEDWDE which occurs at residues 188- 
204 and repeats from residues 222 to 238. Tnis is followed bv 

Sl P 6?^-^f I"' T d thre ° nille - ri «* sequence (residues 24I 
316) predicted to have a high-turn potential The COOH 

° f ^JTT * bighlyTdTASc^"' 
dieted to form an a-helical structure, this region islXin 

56 residues, 37 are acidic while 10 are basic 

After subtraction of a 17-amino acid signal sequence the 
TP™. 1)6 of 401aminXrwS 

l5»f ^ ^ smaller than 4TmS* 

ured through gel mobility (19-20). 

tu Se fT ce J dentU y with Other Pwteim-k comparison of 
the deduced amino acid sequence of the HACTPwS all 

Z^ fn ^ h 1° & BI0NET8 Natitr^ Com^r 
Resource for Mowcuhr Biology (44) revealed some degree of 

rK?*T o 0 -°»' between the acidic COOH ternXsof 

HACBP 23 2S 8 "T"" 8 fa other proteiM between 
"MSP and I other proteins containing the KDBL sequence 

reprerent tone homology among these proteins. In a previous 

HACTP^ W9 KiT d M ? UBn f 8 between^ rabbk 

HACBP and rabbit liver cairegulin. In a personal comm„« 
cation with Dr. G. L. E. KocnIK uSSSH S S IS* 



uSnlF* C l 0ned <md "fenced cDNA eiundms the 
iuten of Z T 1 ^b^proteins pSh, S 
Uunen of ^tte sa^coplasnuc reticulum (1, 24). The molecular 
J^b-of w oature riACBP detonnined [here from 
deduced amino acid sequence (Af, 46,567) is lew 4Tthrt 
prev,ousl y estimated by SDS-PAGE either iTfceWebT 
Osborn system (50) or the LaemmU system'S S,SJS 
V" i*. ?" dlscrepanc >' «» -Wr is not likehr due to dvcravl- 
the HACBP (residue 326) the protein isolated frcm skek^ 
Sr^^T 0 retiCUhUD ^branes^tXS^ 
and does not bmd concanavalin A (21). Bovine lhwceW 
hn, which is identical to the HACBP (25), can be faobtad 
usmgj wncanavalin A-Sepharose affinity ch^asLSDhy 
suggesting that the bovine live, prcWk SSSWm 
S ;^"P^ o ba^ been reported to n^Sanoma- 
ous mobihties m SDS-PAGR For example, calsequnSi 
(24) moves with anomalous mobility m aLawmnurtbutS 
mobdrty in Weber-Oeborn gels fa itoticaUcTS SSt£ 

IS? proteui mfl y be responsible for the reduced 

ZStSf r"^if SDS - PAG E in compsrisontotte 
predicted molecular weight 

„ J!!^?^ ^i 88 ^ 1116 "A 081 * « a Ca^-rjindimt 
^ *k ( 'I 01 ^^^dsequence fHACTPc^Ss 
that the mature protein is acidic with a net charge of -67 at 
neutral pH and a pi of 4.14. HACBP binds 1 molbf Ca»Vmol 
of protein 1 with an affinity comparable to that of an EP-hand- 

?q ^ uT^?. 8 ! 16 ^ 25 ^ V***'™ 1 lowafnnity 
f I ' w « to detect «ory EP-hand-like sequencTui 
the deduced amin acid sequence of the protein. Further 
stuches, perhaps site-directed mutagenesis, will be required to 
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F?o. 4. Secondary structure pre- 
dictions for the HACBP. The hydro-" 
pathic character of the protein was eval- 
uated using the procedure of Kyte and 
Doolittte (41) with a window of 21 amino 
acids U). Probabilities of a-helix, 0- 
sheei, 0-turn, and random coil structures 
-<42 r 43) in the HACBP are shown in B; 
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*WNpe gels as described under "Exp^^pZed^" 

2X iL^wK* to *• HACBP eDNA was esti- 

Wobases. A second band at 3.76 ktlobase coulFbe 
vmuahred with 1 nger periods of exposure. 



identify the high affinity Ca» + -binding site in the HACBP 

Secondary structure predictions for the protein suggest that 
.t might have a "lollipop" shape. The NH,-te. .ninall half of 
tne protein is a_globular domain containing 8 anti-paralle! 3- 
strands. A helix-tum-helix motif present at the extreme NH a 
terminus is a potential Ca* + -binding site. The acidic COOH- 
ternunal region of the protein could represent a Ca^-binaW 
domain. The sequence is reminiscent of the acidic structure 
found I m calsequestrin (6, 7) and might represent a low affinity 
Ca -binding region. This acidic sequence is likely in an 
extended conformation and may provide a site of interaction 
witn other protein components. 

The sequence connecting the NH 2 -tenninal globular do- 
main and the acidic COOH-terminal region is enriched in 
proline residues. A portion of this sequence (residues 187- 
Z84) contains a number of prolines spaced every 4 or 5 amino 
acids. This sequence could contain a repeating, rigid turn 
structure separating the globular head of the protein from the 
acidic tail. 

Recently Koch and collaborators (27-29) have described a 
group of 5 proteins which constitute the lumenal material of 
the endoplasmic reticulum. One of these proteins, CRP 55 
has characteristics identical to HACBP. The estimated M, of 
both proteins is the same, the protein is very acidic and it 
'7^. mth low affinity. The presence of a high affinity 
Ca -binding site in CRP 66 has not been reported In a 
personal communicati n 3 with Dr. G. L. E. Koch we have 
found that the rabbit HACBP and the rat CRP 65 have 
virtuaJly-identical amino acid sequences, as deduced from 
analysis of d ned cDNAs. The differences that are observed 
"t ™L 8 f^I! ce8 816 Pwbably species related Thus it is clear 
that HACBP, calregulin, and CRP 66 are the same protein 



2«t L^r* 6 ™ ' 8 , an acidic ' Ca !+ -binding protein com- 
mon to both the wrcoplasmic and endoplasmic reticulum In 
discussions involving Dra. G. L. E. Koch and D. M Waisman 

we have agreed that the protein should be named calretS 

A most interesting feature of the sequence of the HACBP 
* fofflST 2? <W>EL) sequence at 

protems in the endoplasmic reticulum contain the KDEL 
some heat shock proteins and some glucose-regulated proteins 

Sorfof^fT 'S" ** 00011 tenmni <* »»• func- 
tion of these acidic sequences is unknown, but they could be 

in the endoplasmic reticulum and in intracellular localization 

. te ^ MAleforreten ^ n ^newlysynthe8i2edS^ 
witlun the lumen of the endoplasmic rettwlum^enT 

ret.culum protons they noted that deletion or extension m£ 
this sequence allowed the protein to enter the secreto^path 

T" 1 ?' h b probabl * ^vftged as an endo- 
plasmicMfcoplaanuc reticulum protein (30). This ia in line 

7ulZ7? ei 0b8 f m ?" *" » localized tol 

lumen of the sarcoplasmic reticulum (21). 

A number of sarcoplasmic reticulum proteins have recentlv 

teen ctened and/or identified (2-18. 64) |J3JHSS 

tna. thej>3- and 160-kDa glycoproteins, the leluTO- 

andjow density Apoprotein binding protein, and the 3,3'-6- 

" e ^ h ^ e ^-binding protein, ail of wWch JL 

HACBP eld T wT^ l**"*"* 0 * PTOteiM - *• 
HACBP and Ta-bmding protein contain the KDEL retention 

sequence aUowmg them to be salvaged by the mechaS 

^TtK Munt ° °? d Pelham (30 > 31 >- The mechanise 
EES? f f ' namtainin 8 intracellular location of p^T 
SJT t ^ 8 8eqUenCe is not (53), but may 

.nyolvea speofic receptor as suggested for caJsequestrin (55? 

.° Ur 8tudle8 have "vealed valuable information 
about the structure of HACBP, the function of this proS 
remains unknown. Its localization in both sarcoplasmic and 
endopbsmic rebculum membranes in a variety of tissues (25) 
^peatsapossaierolemprotein synthesis arimoSon 

fassue similar to that proposed for calsequestrin ^ Zd 

shown that anybodies raised against the luminal Ca s+ -bindin* 
protem from rat iver microsomes appear to bind to struSZ 
rrferred to as cajc.osomes (66). Thus, the protein may bind 
m a more specialized compartment than was eusDected 
" "** <5 »)• The synthesis of CRP S H£ 
m non^uscle cells in response to a Ca» overload brought 
about by the presence of a Ca* ionophore in the growth 
medium. This supports a role of CRP 66 (HACBP) as aCa ° 
»«^«rtering agent within non-muscle cells. This etress-in- 
^ synthetic response could also be related to its potential 
role in the refolding of proteins in response to stress Heat 
ahc^kprctoins 0|sp70 family) wereTwn ZSS'S t 

Z ^ ^ foIdiDg of ^ synthesized proteins (57 58? 
Future investigation into the role of HACBP in Ga 8 * Wi£ 
and u, protein modification should provide new information 
on the role of tins interesting protein in endoplasmic and 
sarcoplasmic reticulum membranes. a 
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